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IntroductIon
Inflamed appendix is the most frequent disease in 
childhood that requires emergent surgical intervention 
(30% of all children admitted to the pediatric surgi-
cal emergency ward with abdominal pain)1,2. Clinical 
diagnosis often remains a challenge, despite recent 
expansion of medical knowledge and available diag-
nostic modalities.
About 30% of children older than 5-6 years, ap-
pear with the classic symptoms of diffuse or localized 
in the right iliac fossa abdominal pain, vomiting and 
pyrexia1,2. In pre-school children, the clinical presen-
tation is often atypical and the diagnosis tends to be 
delayed1-4. Initial misdiagnosis rate for children 12 
years old ranges from 28% to 57% and reach 100% 
(70-100%) for 2 year old children or younger. Chil-
dren younger than 3 years of age with inflamed ap-
pendix, admitted to the hospital with an incorrect di-
agnosis in up to 28%3,4,5. Misdiagnosis and delayed 
diagnosis may be the cause of expand in up to 58% 
the already increased rate of morbidity and mortality. 
Because of the delayed diagnosis, 50-72% of children 
present perforation of the appendix at the time of lapa-
rotomy. Another serious reason for that delay can be 
the delay in hospital admission, because of the non-
specific symptoms1,5-9. 
Complications following perforated appendix lead 
to longer administration of antibiotics, require more 
radiographic studies and prolonged hospital stay7.
The aim of this study was to review the clinical 
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symptoms and signs at the time of admission, in chil-
dren younger than 3 years who underwent laparotomy 
and determine the risk factors that may lead to misdi-
agnosis and delay diagnosis.
PATIENTS AND METHODS
During a 6-year period (1/1/2001-31/12/2006), 29 
children aged from 10 months to 36 months (mean: 
27.2 months) were operated for acute abdomen due 
to inflamed appendix. Eight (8) of them were younger 
than 2 years (27.58%). There were 17 boys and 12 
girls. The clinical presentation at the time of admis-
sion and during their hospitalization was estimated. 
All children underwent radiological and laboratory 
examination as white blood cell count. Abdominal ra-
diographs and ultrasound were the main imaging tests 
to confirm the diagnosis.
Based on the observations and the number of pa-
tients, statistical analysis concerned: the level of leu-
cocytes and the length of hospitalization in relation to 
histological findings. 
The selected sample was categorized in two distict 
categories, type A and Type B, identified two vari-
ables (days of hospitalization and level of leucocytes) 
and examined the correlation coefficient and the mean 
of the two variables.
rESuLtS
Twenty-nine (29) children younger than 3 years of age 
were operated for inflamed appendix. The mean age 
was 27.2 months (range: 3-36 months).
The children were divided into 2 groups accord-
ing to the histopathological findings. One of non-per-
forated appendix which included cases of acute and 
suppurative appendicitis (group A), and the perforated 
appendix group that included cases of periappendiceal 
mass and peritonitis (group B) (Table 1).
Diffused or localized abdominal pain, was the main 
clinical symptom present in all 29 children. Fever up 
to 39˚C was noted in 1 child with perforation (12.5%) 
and in 5 out of 10 children (23.8%) with acute appen-
dicitis (group A).
Lethargy, irritability and diarrhea were less com-
mon symptoms (3.44% each), mainly in children with 
perforation, while vomiting was noted in 13 children 
(44.82%) with acute appendicitis (group A) and in 3 
children with perforation (37.5%). Almost 62.5% of 
group B were treated earlier (for 3-5 days) in pediatric 
departments for respiratory tract infection or gastro-
enteritis. 
White blood cell count was determined in all 
patients at the time of admission. Leucocytosis 
(>10.000 cells/mm3) was found in 15 out of 29 chil-
dren (51.72%). However, the level of leucocytes don’t 
seem to have a statistically significant correlation with 
the histological findings depending on the variation of 
the 2 samples.
Abdominal radiograph and ultrasound were per-
formed in all cases.
The commonest finding in abdominal radiographs 
was generalized fluid levels in the abdomen or in the 
right iliac fossa. Generalized ileus occured in 87.5% 
of group B children (7/8) and specifically in all chil-
dren with peritonitis and in 50% of periappendiceal 
mass cases (1/2). Furthermore, calcified fecalith was 
identified in 25% of the perforated appendix group 
(Fig. 1). Localized ileus (fluid levels in the right iliac 
fossa) was the main radiologic finding in 38.09% of 
non-perforated appendicitis. Abdominal radiographs 
were normal in the rest 48.27% (14 of the 29 cases). 
The majority of the cases concerned acute (70%) 
and suppurative (54.4%) appendicitis. Almost 9.09% 
(1/10) of the group B children had a normal abdomi-
nal radiograph.
As far as abdominal ultrasound examination is 
concerned, the findings in cases of perforated appen-
dix (peritonitis and periappendiceal mass) were posi-
tive. Pericecal and perivesical free fluid without bowel 
peristalsis and thickened bowel loops were found in 
75% of perforation. Fecalith was identified in 25% of 
group B children (2/8). Increased muscular wall thick-
ness (more than 2 mm), absent appendiceal peristalsis, 
small amount of free fluid perivesical and inhomoge-
neous mass in the right iliac fossa was present in the 
same rate. Group A showed non-specific ultrasono-
graphic findings, concerning mild reduction in bowel 
peristalsis and dilatation of the bowel loops. Table 1 
summarizes the above mentioned clinical symptoms 
and paraclinical findings.
Histopathological examination of the removed ap-
pendix showed no perforation in 21 cases (group A: 
72.4%). Alterations of acute appendicitis were noted 
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in 10 children (34.4%) and suppurative appendicitis 
in 11 children (37.9%). In the remaining 8 cases the 
findings were due to perforated appendix (group B: 
27.6%). In detail, periappendiceal mass because of oc-
cult perforation in 2 children (6.89%) and peritonitis 
in 6 children (20.68%). The mean age in each group 
was 17.3 months (range:10-36 months) for group A 
and 28.2 months (range:16-36 months) for group B re-
spectively. The dimensions of the inflamed appendix 
varied according to the histopathological findings and 
patient’s age (Table 2).
Standard therapy with triple antibiotic therapy 
(aminoglycoside, β-lactam and metronidazole) was 
followed in all cases of perforated appendix, while 
a single agent was administered in non-perforated 
 cases.
The length of hospital stay was determined by the 
intra-operative findings. For group B the mean hos-
pital stay was 8.57 days (range:7-11 days). Children 
with peritonitis followed a postoperative care for 9 
Table 1. Clinical symptoms and paraclinical findings according to the histopathological data.
Group A Group B
acute
34.4%(10/29)
suppurative
37.9%(11/29)
mass
6.89%(2/29)
peritonitis
20.68%(6/29)
Clinical symptoms / laboratory data
Pain 100% 100% 100% 100%
vomiting 60% 63.6% - 50%
Fever 50% 16.6%
co-existing symptoms* - - 100% 50%
Lethargy, irritability  
or diarrhea - - - 3.44%
leucocytosis 40% 63.3% 50% 50%
x-ray
Normal 70% 54.4% 50% -
local. ileus 30% 45.5% - -
generalized ileus - - 50% 100%
Fecalith - - - 2/6
Ultrasound
Normal + + - -
pericecal/perivesical fluid - - + +
decreased bowel  
movement - - + +
Bowel muscular wall 
thickness>2mm - - + +
mass (right iliac fossa) -
63.6%
-
Fever
+
50%
* Respiratory tract infection or gastroenteritis.
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days (range:7-11days), while children with periappen-
diceal mass were hospitalized for 7.5 days (range:7-8-
days). Statistical analysis showed that the duration of 
hospitalization is actually longer for type B patients 
(with perforated appendix) in relation to type A pa-
tients. The duration of hospital stay was reduced for 
group A children (mean:3.2 days, range:2-4 days) for 
both acute (mean:2.8, range:2-4days) and suppura-
tive (mean:3.6days, range:3-4days) appendicitis sub-
group. 
No postoperative complications were noted in any 
case. 
dIScuSSIon
Delayed presentation and misdiagnosis often occur in 
children younger than 3 years of age with abdominal 
pain, as a result of non-specific clinical elements or 
associated illness. Early appendicitis diagnosis can 
prevent abscess formation or perforation, which are 
severe and common complications in this age group1,4. 
Anatomic immaturity and lack of an adequate omen-
tal barrier may contribute to the rapid progression of 
perforation1,2. Abscess formation is not so frequent be-
cause the underdeveloped omentum cannot often limit 
the purulent material from the ruptured appendix5,10. 
Inadequate communication with children or their 
parents and atypical clinical presentation may cause 
severe diagnostic problems. The most common symp-
toms in children younger than 2 years of age are vom-
iting (up to 90%) and pain (up to 77%)3,4,5. Diffuse 
pain was the main symptom in all children younger 
than 2 years, while children around 3 years were more 
able to localize the pain in the right lower abdominal 
quadrant. Vomiting followed and was less common 
than pain.
Associated symptoms (fever, diarrhea, lethargy or 
irritability) appeared in all children which were ad-
mitted earlier in pediatric departments, meaning that 
these symptoms may complicate the diagnosis, in the 
majority of cases. It is referred that almost 1/3 of chil-
dren younger than 3 years of age with appendicitis 
were admitted at the hospital with an incorrect diag-
nosis. The spectrum of possible diagnoses is wide and 
includes gastroenteritis, upper and lower respiratory 
tract infection, urinary tract infection, nephrolithiasis, 
constipation and inflammatory bowel disease5,6,11,12. 
Five children (17.24%) were misdiagnosed initially, a 
percentage that increased up to 62.5% in children with 
histopathological alterations of perforated appendix. 
These patients were younger than 2.5 years of age. Fe-
ver, diarrhea and vomiting were the main symptoms 
that confused the diagnosis according to other studies3. 
On the other hand, the increased incidence of diarrhea 
in young children with perforated appendix makes it 
a more prominent clinical feature. Systematic inflam-
matory changes may play a role in the pathophysiol-
ogy of inflamed appendix and the picture of gastroen-
teritis or respiratory and urinary tract infection cannot 
exclude acute appendicitis. So an increased index of 
suspicion in such cases, especially in that young age 
group, may decrease the number of patients sent away 
with incorrect final diagnosis1.
To provide the diagnosis, white blood cell (WBC) 
count was ordered in all 29 children of our study, but 
the results were nonspecific even in cases of perfora-
tion. It is referred that the sensitivity of the method 
depends on the threshold (10-12 x 103 cells/mm3 sensi-
tivity: 51-91%, 14-15 x 103 cells/mm3 sensitivity: 41-
68%) and the duration of symptoms (< 24h sensitiv-
ity: 18%, > 48h sensitivity: 90%)19 . It is known that 
Table 2: Inflamed appendix dimensions (length x wide, cm) according to the histopathological findings.
Group A Group B
Acute Suppurative Mass Peritonitis
-18m 4.7 x 0.8cm (3/10) 4 x 0.5cm
(1/11)
6 x 0.7cm
(5/6)
18m-3y 8.3 x 0.4 (7/10) 6.4 x 0.9cm
(10/11)
6.1 x 0.9cm
(2/2)
5.2 x 0.7
(1/6)2
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elevated WBC count is nonspecific, as it can be found 
in other inflammatory diseases like gastroenteritis or 
mesenteric adenitis. Other laboratory tests as CRP 
(C-reaction protein) or serum amyloid A protein seem 
to have limited role in the diagnostic procedure4,12,13.
Abdominal radiograph and ultrasound have been 
widely used in the diagnostic procedure. Calcified 
fecalith is the more specific radiologic feature and is 
present in 45-100% of cases with perforation5. In our 
study, this specific radiologic sign was found in only 
20% of perforated appendix. Other signs that had to 
be estimated are fluid levels, generalized or localized 
in the right lower abdominal quadrant. These findings 
can be present in advanced cases (perforation) but are 
not specific in cases of acute or suppurative appendi-
citis. Any abnormal finding in abdominal plain should 
be estimated according to the clinical signs.
From the 2 largest existing studies is concluded 
that abdominal ultrasound for inflamed appendix has 
a sensitivity of 90-92% and specificity of 97-98% in 
those cases14, data, which faces doubts by other in-
vestigators15. Non-visualization of the appendix has 
been identified as a cause of 98% of false negative ul-
trasound studies14. Our ultrasound findings were clear 
enough to identify all cases of perforation. In cases of 
non-perforated appendix the ultrasound findings were 
non-specific.
Intra-operative findings directly influenced the 
length of hospital stay and the supportive antibiotic 
therapy in all of our cases. Prolonged hospitalization 
and “standard therapy” consisting of an aminoglyco-
side, a β-lactam and an antibiotic with anaerobe cover-
age was the classic treatment in all cases of perforated 
appendix (8 children). Single-agent antibiotic therapy 
and reduced hospital stay was preferred in cases of 
acute and suppurative appendicitis (21 children). Sin-
gle-agent antibiotic therapy is suggested by Goldin et 
al because it provides equivalent results compared to 
multi-agent regimens. According to that conclusion, 
that raises large controversy, the use of multi-agent 
therapy seems not to be protective for post-operative 
complications16. 
Diarrhea, longer duration of pain (more than 72h) 
or finding a fecalith intra-operatively, seems to be 
negative predictive factors for post-operative com-
plications in children with perforated appendix7. The 
postoperative course was uncomplicated in all of the 
children of our study.
Inflammation of the appendix in children younger 
than 3 years of age seems challenging for both pe-
diatricians and pediatric surgeons. The recommenda-
tion of “admit and observe”, using physical and ad-
ditional examinations seems to be an effective way. 
Knowledge of age-dependent physiologic and clinical 
parameters and atypical features in children younger 
than 3 years of age with appendicitis will improve 
physicians’ diagnostic accuracy. Being aware of these 
factors will enable physicians to reduce the incidence 
of misdiagnosis in young children with appendicitis.
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ΠΕΡΙΛΗΨΗ: Παρά το γεγονός ότι η φλεγμονή της σκωληκοειδούς αποτελεί κοινό πρόβλημα στην καθημέρα παιδοχει-
ρουργική πράξη, η καθυστερημένη διάγνωσή της σε παιδιά ηλικίας μικρότερης των 3 ετών μπορεί να οδηγήσει σε πλήθος 
επιπλοκών.
Σκοπός: Σκοπός της μελέτης είναι η εκτίμηση των κλινικών ευρημάτων και η σύγκρισή τους με τα διεγχειρητικά ευρήματα 
σε ασθενείς ηλικίας μικρότερης των 3 ετών που υποβλήθηκαν σε λαπαροτομία εξαιτίας φλεγμονής της σκωληκοειδούς. Με 
προσοχή μελετήθηκαν οι διαγνωστικές δυσχέρειες που σχετίζονται με το νεαρόν της ηλικίας.
Ασθενείς - Μέθοδος: Οι ιατρικοί φάκελλοι 29 ασθενών που υποβλήθηκαν σε ερευνητική λαπαροτομία εξαιτίας κοιλιακού 
άλγους, τα τελευταία 6 έτη, μελετήθηκαν και αναλύθηκαν αναδρομικά. Τα προ-εγχειρητικά κλινικά και εργαστηριακά ευ-
ρήματα συνεκτιμήθηκαν με τα διεγχειρητικά και ιστολογικά δεδομένα.
Αποτελέσματα: Το κύριο κλινικό σύμπτωμα κατά την εισαγωγή είναι το κοιλιακό άλγος, διάχυτο ή εντοπιζόμενο στο δεξιό λα-
γόνιο βόθρο. Συνοδά συμπτώματα συνήθως ακολουθούν τις περιπτώσεις οξείας φλεγμονής της σκωληκοειδούς. Ακτινολογικά 
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πλοκή δεν παρατηρήθηκε.
Συμπεράσματα: Η κλινική εικόνα της οξείας φλεγμονής της σκωληκοειδούς μπορεί να είναι άτυπη και να διαλάθει της 
αρχικής διάγνωσης. Η υπόνοια της νόσου πρέπει να τίθεται έντονα σε περιπτώσεις κοιλιακού άλγους συνοδευόμενου από 
εμέτους, σε παιδιά ηλικίας μικρότερης των 3 ετών, καθώς σε αυτήν την ηλικιακή ομάδα μπορεί να επιβαρύνει τη θνητότητα 
και τη νοσηρότητα.
Λέξεις Κλειδιά: Οξεία κοιλία, Σκωληκοειδίτις, Παιδιά, Φλεγμονή της σκωληκοειδούς, Λαπαροτομία.
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